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SYSTEM AND METHOD FOR DECODING 
CORRELATED DATA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of Us. Provisional 
Application No. 60/991,502, ?led on Nov. 30, 2007. The 
disclosure of the above application is incorporated herein by 
reference in its entirety. 

FIELD 

The present disclosure relates to communication channels, 
and more particularly to channel decoding systems. 

BACKGROUND 

The background description provided herein is for the pur 
pose of generally presenting the context of the disclosure. 
Work of the presently named inventors, to the extent the Work 
is described in this background section, as Well as aspects of 
the description that may not otherWise qualify as prior art at 
the time of ?ling, are neither expressly nor impliedly admitted 
as prior art against the present disclosure. 

In communication systems, channel noise may cause trans 
mission errors betWeen a source and a receiver. Error correc 

tion coding (ECC) techniques may detect and correct channel 
transmission errors. LoW-density parity-check (LDPC) codes 
are examples of ECC block codes that may provide coding 
gains to improve performance. 
A coding gain is an amount of additional noise that an ECC 

coded system may handle compared to an uncoded system. In 
other Words, the coding gain may enable the ECC coded 
system to transmit at a loWer bit error rate (BER) than an 
uncoded system. Therefore, in applications in Which transmit 
poWer may be limited, the coding gains of LDPC codes may 
make the difference betWeen reliable and unreliable commu 
nication. 

Referring noW to FIG. 1, a functional block diagram illus 
trating a conventional communication system 10 is shoWn. 
The communication system 10 may include an LDPC 
encoder 12, a modulator 14, a channel 16, a demodulator 18, 
and an iterative LDPC decoder 20. The iterative LDPC 
decoder 20 may include a channel detector 22, such as a 
soft-output Viterbi algorithm (SOVA) detector, and an LDPC 
decoder 24. 

Using a given LDPC code, the LDPC encoder 12 encodes 
a stream of dataWords (u) from a source. A dataWord may 
refer to a group of binary data bits that is suitable for input to 
the LDPC encoder 12. The LDPC encoder 12 outputs a stream 
of codeWords (c) Which may be in the form of binary data. A 
codeWord may refer to a group of bits generated, by the LDPC 
encoder 12 based on an input dataWord. 
LDPC codes are block codes and thus an LDPC code may 

be represented by an (M><N) parity-check matrix (H) that 
includes M roWs and N columns. M may represent a number 
of constraints, such as parity-check equations. N may repre 
sent a number of bits. Entries of the parity-check matrix may 
be a one or a Zero. For example, a bit v” participates in a 

constraint cm if Hmfl. 
The modulator 14 modulates the frequency, amplitude, 

and/ or phase of the stream of codeWords to generate a trans 
mitted signal (W) that includes a modulated communication 
or storage signal. For example, the channel 16 may include a 
storage medium, such as a magnetic storage medium, an 
optical storage medium, or an electrical storage medium. The 
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2 
channel 16 may also include a communication channel. The 
channel 16 provides a received signal (W'), Which may repre 
sent the transmitted signal corrupted by noise (n) or other 
interference. 
The demodulator 18 demodulates the received signal and 

provides an initial estimate signal (r') of the stream of code 
Words. The channel detector 22 of the iterative LDPC decoder 
20 receives the initial estimate signal, Which may be based on 
hard information in blocks of data. The initial estimate signal 
may include corrupted bits. Hard information represents hard 
decisions on Whether data bits are ones or Zeros. In other 

Words, a hard decision for a bit may be either a one or a Zero. 

The channel detector 22 may generate soft information via 
a soft decision that is based on the initial estimate signal and 
data from the channel 16. Soft information represents soft 
decisions on Whether data bits are ones or Zeros. In other 

Words, a soft decision for a bit may be a real number that 
represents a probability or a likelihood of belief that the bit is 
a one or a Zero. 

For example, the soft information may be log-likelihood 
ratios (LLRs). An LLR is equal to the logarithm of the prob 
ability (Pr) that a bit is equal to one divided by the probability 
that the bit is equal to Zero. In other Words, the LLR of a bit v 
may be de?ned as: 

Pr(v : 1) 

Pr(v : O) 
LLR(v) : log 

The sign of the LLR indicates a most likely value of the bit 
v. For example, a negative LLR relates to a higher probability 
of the bit being a 0. The value of the LLR indicates certainty 
of the value. For example, a larger value LLR relates to a 
higher certainty of the bit being a 0 or a 1. 

For example, the channel detector 22 may generate the soft 
information based on the Viterbi algorithm. The channel 
detector 22 may also generate the soft information based on 
channel factors such as a type of modulation used by the 
modulator 14 and channel parameters such as additive White 
Gaussian noise (AWGN). 
The LDPC decoder 24 receives the soft information and 

may attempt satisfying M parity-check equations of the par 
ity-check matrix using the soft information. HoWever, if one 
or more of the parity-check constraints are not satis?ed, the 
LDPC 24 decoder may generate feedback information. For 
example, a message-passing algorithm such as a sum-product 
algorithm may be used to generate the feedback information. 
And in such an example, feedback messages from check 
nodes may be summed to generate the feedback information 
for a bit. 
The channel detector 22 receives the feedback information 

and may update the soft information from the channel based 
on the feedback information. For example, the channel detec 
tor 22 may sum the soft information and the feedback infor 
mation to generate updated soft information. The LDPC 
decoder 24 receives the updated soft information, and the 
process repeats. 

For example, the iterative LDPC decoder 20 may repeat 
this process for numerous iterations to decode an entire block 
of data. The iterative LDPC decoder 20 may continue until a 
valid codeWord is found that satis?es all M parity-check 
equations. The iterative LDPC decoder 20 may also continue 
until an allotted time has elapsed or When a certain number of 
iterations have occurred. 
The iterative LDPC decoder 20 generates an estimate sig 

nal (r) based on the soft information and the iterative decod 
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ing process. The estimate signal represents an estimate of the 
original transmitted stream of dataWords. For example, the 
estimate signal may include the most likely dataWords. The 
estimate signal may also include the original stream of data 
Words if no error exists. 

Referring noW to FIG. 2A, the LDPC decoder 24 may 
include a plurality of nodes 30. The nodes 30 illustrate the 
iterative message-passing process betWeen variable and 
check nodes (described above) Which is used by a typical 
LDPC decoder 24. For example, the nodes 30 represents the 
folloWing parity-check matrix H: 

The nodes 30 may include cheek nodes cO (34-0), cl (34-1), 
c2 (34-2), and c3 (34-3) (collectively referred to as check 
nodes 34). The nodes 30 may also includes variable nodes vO 
(36-0), vl (36-1), v2 (36-2), v3 (36-3), v4 (36-4), andv5 (36-5) 
(collectively referred to as variable nodes 36). 

Referring noW to FIG. 2B, the relationship betWeen the 
check nodes 34, the variable nodes 36, and the parity-check 
matrix H is shoWn. The variable nodes 36 correspond to the N 
columns of the parity-check matrix H. The check nodes 34 
correspond to the M roWs of the parity-check matrix H. 

The interacting nodes 30 may be referred to as a bipartite 
graph because no nodes of the same type (i.e., variable nodes 
and check nodes) are connected to each other. Communica 
tion lines connect check nodes 34 to variable nodes 36. In 
other Words, one of the check nodes 34 is connected to one of 
the variable nodes 36 if the corresponding entry in the parity 
check matrix is a one. For example, check node cO (34-0) is 
connected to variable node vO (36-0) because HO,O:1. 

Information received from the channel 1 6 is communicated 
to the variable nodes 36 via the channel detector 22. The 
variable nodes 36 may pass the information up to the check 
nodes 34. For example, variable node vO (36-0) may pass a 
message (i.e., channel information) to check nodes cO (34-0) 
and c 1 (34-1) because the nodes are connected. 

The check nodes 34 may compute messages based on the 
information received from the variable nodes 36. For 
example, one of the check nodes 34 may compute a message 
by summing all messages received from variable nodes 36. 
The check nodes 34 may then pass the messages back to 
respective variable nodes 36. 

For example, check node cO (34-0) may compute a message 
by summing messages received from variable nodes v0 (36 
0), v1 (36-1), and v2 (36-2) because the nodes are connected. 
Check node cO (34-0) may also send the message back to 
variable nodes vO (36-0), vl (36-1), and v2 (36-2) because the 
nodes are connected. 

The variable nodes 36 may then compute messages based 
on the messages received from the check nodes 34. For 
example, one of the variable nodes 36 may compute a mes 
sage by summing all messages received from check nodes 36. 
For example, variable node vO (36-0) may compute a feed 
back signal by summing messages received from check nodes 
cO (34-0) and c1 (34-1) because the nodes are connected. 

The check nodes 34 may send the feedback signals back to 
the channel detector 22. The channel detector 22 may gener 
ate updated soft information based on the feedback signals 
and the soft information. The LDPC decoder 24 then receives 
the updated soft information. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The iterative message-passing process may be repeated 

until a predetermined condition is satis?ed. After the prede 
termined condition is satis?ed, the iterative LDPC decoder 20 
may generate and output an estimate signal r. For example, 
the iterative message-passing process may continue until a 
predetermined number of iterations have occurred or until all 
parity-check equations are satis?ed. For example, the parity 
check equations corresponding to the parity-check matrix H 
are: 

Referring noW to FIG. 3A, an exemplary variable node 
computation is shoWn. A variable node 38 receives an initial 
bit estimate (y), Which may be an LLR, from a channel detec 
tor (not shoWn). The variable node 38 may also receive return 
messages x0, x1, and x2 from the different check nodes. The 
variable node 38 may generate return messages based on the 
received return messages and the initial bit estimate. For 
example, the variable node 38 may generate return messages 
for each check node by summing all of the other received 
messages, as shoWn in FIG. 3B. 

SUMMARY 

A decoding system for a communication channel includes 
N parallel channel detection modules that generate N ?rst 
probability vectors based on sequences of X correlated bits in 
each of N groups of correlated bits, respectively. The decod 
ing system also includes N parallel updating modules that 
generate M second probability vectors based on the N ?rst 
probability vectors and N feedback signals. The decoding 
system also includes N parallel estimation modules that gen 
erate estimates of the X correlated bits in each of the N groups 
of correlated bits based on the M second probability vectors. 
The decoding system also includes N parallel decoding mod 
ules that generate the N feedback signals and N output signals 
based on the estimates of the X correlated bits in each of the 
N groups of correlated bits. X is an integer greater than one, 
M is an integer greater than or equal to one, and N is an integer 
greater than or equal to M. 

In other features, the decoding system further includes N 
parallel reference modules that selectively set the N feedback 
signals and a portion of at least one of the M second prob 
ability vectors to a reference voltage based on a difference 
betWeen K and X. K is based on a number of adders in each of 
the N parallel updating modules, and K is an integer greater 
than or equal to X. 

In other features, the decoding system further includes a 
distribution module that selectively distributes the N ?rst 
probability vectors and the N feedback signals to the N par 
allel updating modules based on a difference betWeen K and 
X. K is based on a number of adders in each of the N parallel 
updating modules, and K is an integer greater than or equal to 
X. 

In other features, the decoding system further includes an 
interleaving module that receives the N feedback signals, that 
interleaves the N feedback signals, and that selectively dis 
tributes the N interleaved feedback signals to the N parallel 
updating modules based on a difference betWeen K and X. 
The decoding system also includes a deinterleaving module 
that receives interleaved estimates of the X correlated bits in 
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each of the N groups of correlated bits from the N parallel 
estimation modules, that deinterleaves the interleaved esti 
mates of the X correlated bits in each of the N groups of 
correlated bits, and that outputs the estimates of the X corre 
lated bits in each of the N groups of correlated bits. K is based 
on a number of adders in each of the N parallel updating 
modules, and K is an integer greater than or equal to X. 

In still other features, the systems and methods described 
above are implemented by a computer program executed by 
one or more processors. The computer program can reside on 
a computer readable medium such as but not limited to 
memory, nonvolatile data storage, and/or other suitable tan 
gible storage mediums. 

Further areas of applicability of the present disclosure Will 
become apparent from the detailed description, the claims 
and the draWings. The detailed description and speci?c 
examples are intended for purposes of illustration only and 
are not intended to limit the scope of the disclosure. 

BRIEF DESCRIPTION OF DRAWINGS 

The present disclosure Will become more fully understood 
from the detailed description and the accompanying draW 
ings, Wherein: 

FIG. 1 is a functional block diagram of a conventional 
communication system; 

FIG. 2A is a functional block diagram of a conventional 
LDPC decoder; 

FIG. 2B is a parity-check matrix representing an exem 
plary LDPC code; 

FIGS. 3A and 3B are schematics illustrating an exemplary 
variable node computation; 

FIG. 4A is a functional block diagram of an iterative decod 
ing module according to the present disclosure; 

FIG. 4B is a schematic illustrating an iterative decoding 
process of a group of correlated information bits according to 
the present disclosure; 

FIG. 5 is a functional block diagram of a communication 
system according to the present disclosure; 

FIG. 6 is a functional block diagram of a parallel iterative 
decoding module according to the present disclosure; 

FIG. 7A is a functional block diagram of a ?rst embodi 
ment of a parallel computation module according to the 
present disclosure; 

FIG. 7B is a How diagram illustrating a method for oper 
ating the ?rst embodiment of the parallel computation mod 
ule according to the present disclosure; 

FIG. 8A is a functional block diagram of a second embodi 
ment of the parallel computation module according to the 
present disclosure; 

FIG. 8B is a schematic illustrating an exemplary compu 
tation performed by the second embodiment of the parallel 
computation module according to the present disclosure; 

FIG. 8C is a How diagram illustrating a method for oper 
ating the second embodiment of the parallel computation 
module according to the present disclosure; 

FIG. 9A is a functional block diagram of a third embodi 
ment of the parallel computation module according to the 
present disclosure; 

FIG. 9B is a functional block diagram of an exemplary 
third embodiment of the parallel computation module accord 
ing to the present disclosure; 

FIG. 9C is a How diagram illustrating a method for oper 
ating the third embodiment of the parallel computation mod 
ule according to the present disclosure; 

DESCRIPTION 

The folloWing description is merely exemplary in nature 
and is in no Way intended to limit the disclosure, its applica 
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6 
tion, or uses. For purposes of clarity, the same reference 
numbers Will be used in the draWings to identify similar 
elements. As used herein, the phrase at least one of A, B, and 
C should be construed to mean a logical (A or B or C), using 
a non-exclusive logical or. It should be understood that steps 
Within a method may be executed in different order Without 
altering the principles of the present disclosure. 
As used herein, the term module may refer to, be part of, or 

include anApplication Speci?c Integrated Circuit (ASIC), an 
electronic circuit, a processor (shared, dedicated, or group) 
and/ or memory (shared, dedicated, or group) that execute one 
or more softWare or ?rmware programs, a combinational 

logic circuit, and/or other suitable components that provide 
the described functionality. The softWare or ?rmWare pro 
grams can be tangibly stored on a computer-usable or com 
puter-readable medium. For the purposes of this description, 
a computer-usable or computer readable medium can be any 
apparatus that can contain, store, communicate, propagate, or 
transport the program for use by or in connection With the 
instruction execution system, apparatus, or device. The 
medium can be an electronic, magnetic, optical, electromag 
netic, or semiconductor system (or apparatus or device) or a 
propagation medium. Examples of a computer-readable 
medium include a semiconductor or solid state memory, mag 
netic tape, a removable computer diskette, a random access 
memory (RAM), a read-only memory (ROM), a rigid mag 
netic disk and an optical disk. Current examples of optical 
disks include compact diskiread only memory (CD-ROM), 
compact diskiread/Write (CD-R/W) and DVD. 

Inputs and outputs of a communication channel may 
include correlated data. The correlated data may include sta 
tistical relationships betWeen different data bits. For example, 
communication systems that include channels With memory 
may output correlated data. Channels With memory may 
include partial-response channels in data storage applica 
tions. 

For example, communication systems using tensor-prod 
uct codes (TPCs) may also include channels that output cor 
related data. TPCs include tWo levels of code (e.g., C1 and 
C2), and thus the data that is output from the outer level of 
code C2 may be correlated to the input and/or output of inner 
level code C1. 

For example, a multi-constellational transmission system 
such as a quadrature amplitude modulation (QAM) system 
may include a channel that outputs correlated data. The QAM 
system may group and map data bits to signal points for 
transmission. Thus, the data bits in the same groups may be 
correlated. 

Typical decoders assume that all input data bits are statis 
tically independent. The present disclosure improves decod 
ers by modifying the iterative decoding process With regard to 
correlated data, Which may result in a higher performance 
(e.g., faster) decoder. If a channel outputs correlated data, the 
correlation may only span a feW data bits. Therefore, data bits 
that are likely to have correlated information may be grouped 
together and decoded together. The number of data bits in 
each group may vary, and data bits Within a particular group 
need not be consecutive. 

Furthermore, in high-performance applications, such as 
magnetic recording data storage, stringent siZe and poWer 
constraints may require ef?cient decoder implementations. 
Typical hardWare systems only provide for single bit (i.e., 
bit-by-bit) error correction. In other Words, typical hardWare 
systems do not provide for a single error correction architec 
ture that may operate concurrently on several different groups 
and/or sequences of correlated data bits. Additionally, typical 
hardWare systems do not provide for a single error correction 




















